Abstract Sclerosing polycystic adenosis (SPA) is a rare condition of salivary glands. The most common site is the parotid gland (80 % of cases). SPA shows no gender predilection and occurs over a wide age spectrum (9-84 years). SPA is mostly unifocal, but may rarely be multifocal. Histologically, SPA are sharply circumscribed mostly unencapsulated lesions composed of acinar and ductal components with variable cytomorphological characteristics, including foamy, vacuolated, apocrine, mucous, clear/ballooned, squamous, columnar and oncocyte-like cells. Characteristic for SPA is the presence of large acinar cells with abundant eosinophilic cytoplasmic granules. The stroma is densely collagenized, frequently harbouring a variably intense chronic inflammatory infiltrate and may contain fat. Rarely the stroma is myxoid. Some degree of intraductal epithelial proliferations have been reported in at least 50 % of cases. The proportion of cases with epithelial proliferations that fulfill criteria for high-grade ductal carcinoma in-situ is \10 %. Immunohistochemically, both ductal and acinar cells are positive for broad spectrum cytokeratins. There is variable immunoreactivity for epithelial membrane antigen and S-100 protein. CEA, p53 and HER2 is reportedly negative. Gross cystic disease fluid protein-15 is strongly expressed in the acinar component. There is consistent but variable expression of estrogen and progesterone receptors. The proliferative index (Ki-67) is low (1-2 %) in the benign (acinar and ductal) components. Using HUMARA methodology (non-random inactivation of X-chromosomes), six cases with atypical epithelial proliferations have been shown to be clonal processes. Recurrences have been reported in up to 19 % of cases.
Introduction
Sclerosing polycystic adenosis (SPA) is a rare tumorous condition of salivary glands with a characteristic combination of histological features, some of which are reminiscent of histopathological changes that occur in the mammary gland (fibrocystic disease/sclerosing adenosis and intraductal epithelial proliferations of various types). SPA was first described by Smith et al. [1] in a series comprising 9 cases. Since then, just over 50 cases in a few, mostly small series and several case reports, in a total of 19 original studies, have been published [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Apart from the seminal paper by Smith et al., the largest series to date was published by Gnepp et al. [5] and comprises 16 cases.
Epidemiology and Clinical Features
There are no reliable data on the incidence of SPA in the literature. However, the rarity of SPA is underscored by the paucity of reported cases and that all but two original publications are either case reports or small series (of maximal three cases) in conjunction with the fact that the largest series was a collaborative effort by several experienced Head and Neck pathologists (who collectively must have seen a substantial number of salivary gland lesions). Regarding location, by far the most common site is the parotid gland (at least 80 % of cases) with much less frequent occurrence in the submandibular gland. SPA seems to occur with roughly equal frequency in men and women and occurs over a wide age spectrum: 9-84 years. Reportedly, F. Petersson (&) Department of Pathology, National University Health System, 5 Lower Kent Ridge Road, Singapore 119074, Singapore e-mail: fredrikpetersson@live.se the mean age at presentation is around 40 years. Symptoms are non-specific, i.e. those of a slow growing painless mass, although a few cases with some reported pain are on record [1, 2] . Authors have claimed to have detected SPA also in minor salivary glands [5, 7, 9, 10, 21] . Based on the verbal descriptions and the photomicrographs provided, it is this author's view that most of these lesions represent de facto SPA, except for the cases presented by Swelam et al. (who also claim to have identified Epstein Barr virus in their lesions) and Meer and Altini [9, 21] .
Sclerosing polycystic adenosis is most commonly seen as an isolated pathologic finding in the salivary gland, but cases associated with recurrent pleomorphic adenoma, oncocytoma, a combined sebaceous lymphadenoma-Warthin's tumor, and a pure Warthin's tumor are on record [5, 15] . Similarly, SPA is most often seen as a single lesion, but rare cases with multifocality have been documented [5, 19] . The reported size range of SPA is between 0.7 and 12 cm.
Histopathology
SPAs are sharply-circumscribed round to oval nodular lesions (Fig. 1) . The lesions are frequently unencapsulated, but may have a more or less complete pseudocapsule and are composed of acinar and ductal components with variable cytomorphological characteristics, including foamy, vacuolated (sebocyte-like), apocrine, mucous, clear/''ballooned'', squamous, columnar and oncocyte-like cells (Fig. 2) . Highly characteristic for SPA is the presence of large acinar cells with abundant eosinophilic (PAS-positive, diastase resistant) cytoplasmic granules of varying sizes. Not uncommonly, these granules may acquire a very large size and appear as intracytoplasmic globules (Fig. 3) . The focal presence of acinar cells with serous differentiation as an inherent component of SPA has received little attention in the literature (compared to the acinar-lesional cells with the eye-catching large eosinophilic globules). This author has seen a case with acini composed of distinctly serous cells within the center of a case of SPA, juxtaposed to the more commonly occurring and characteristic eosinophilic, granulated acinar cells. In most cases, a variably prominent, cystic component is present (Fig. 4a) . The lumina of these cysts/cystically-dilated ducts frequently contain PAS-positive, diastase-resistant secretory material. The cysts may be lined by flattened, apocrine, or vacuolated cells. Wholly or partly, the epithelial cells lining the cysts may be denuded and replaced by foamy macrophages. In some cases, however, the cystic component may be inconspicuous (''paucicystc SPA'') [19] . In some cases, dilated ducts with intraluminal cribriform arrangements composed of cells with secretory activity may be encountered. This may create a pattern vaguely reminiscent of that seen in mammary analogue secretory carcinoma (Fig. 4b) . Most commonly, the cellular components in SPA are embedded in a sharplydelineated, dense, sclerotic-collagenous stroma (Fig. 5) . The stroma may on occasion form hyalinized hypocellular nodules/plaque-like structures that may or may not contain residual epithelial cellular remnants and/or vacuolated foam cell-type macrophages. These scar-like structures may 
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Head and Neck Pathol (2013) 7:S97-S106 display clefts of the hyalinized sclerotic collagen similar to those seen in silicotic nodules. In many cases, a stromal lipocytic component is present and, in some cases, there may be a component of periductal stromal hyalinization. In addition, the stroma may also display a distinctly myxoid quality (Fig. 5 ). This is a feature that has only infrequently been highlighted in the literature. Commonly, the stroma harbours a variably intense, frequently nodular chronic inflammatory infiltrate which may contain bona fide lymphoid follicles with germinal centers. The acinar component may or may not show preservation of the lobular architecture. In the latter case, a sclerosing adenosis-like histopathological pattern is encountered and when this is associated with a stroma-induced distortion of the acini/ductules, the process may acquire an infiltrative appearance (Fig. 6 ). Moreover, as described in a few cases by Gnepp et al. [5] , stromal distortion may lead to the formation of radial scar-like structures. This phenomenon has also been encountered by this author (Fig. 6) .
In occasional cases, foci of basement membrane-like material may occur associated with cribriform epithelial proliferations imparting a collagenous spherulosis-like appearance.
Sclerosing polycystic adenosis frequently harbors intraductal epithelial proliferations which frequently have been labeled as dysplastic. In some cases, investigators have found that the degree of cellular atypia and structural changes have reached their threshold for ductal carcinoma in situ (DCIS) [2, 4, 5, 8, 12, 13] . Given the fact that these assessments are plagued by a significant degree of subjectivity (especially when dealing with milder, presumably ''low-grade'' dysplastic epithelial proliferations), the frequency of this phenomenon is difficult to ascertain. Some degree of intraductal epithelial proliferation in SPA has been reported in at least 50 % of cases. However, the proportion of cases of SPA with epithelial proliferation that fulfill reasonably accepted criteria for high-grade malignancy/DCIS (e.g., significant nuclear pleomorphism, intraluminal necrosis, increased mitotic activity), seems not to exceed 10 % of reported cases. There are no formal and detailed studies on a large number of cases of SPA focusing on the histopathological and/or immunohistochemical features of the spectrum of intraductal proliferations that may occur in SPA. Moreover, no investigator has undertaken the task to systematically compare the similarities and dissimilarities between intraductal epithelial proliferations in SPA compared to those which much more commonly occur in the mammary gland. One major problem in establishing a diagnosis of ''dysplastic epithelial proliferation'' or lowgrade DCIS in the context of salivary gland pathology in general, and in SPA in particular, is that in contrast to the situation in the breast, this phenomenon, as referred to above, is not well-studied and that widely-accepted and reliable criteria are lacking. Moreover, there is no reason a priori to postulate that various categories of epithelial proliferations, e.g., hyperplasia, atypical hyperplasia and lowgrade DCIS, in SPA are morphologically identical or biologically similar to those in the breast. In mammary pathology, there is a sharp distinction between intraductal hyperplasia (''usual type''; UDH) on the one hand and atypical hyperplasia (ADH) and low-grade DCIS, on the other hand. There is substantial evidence for the idea that UDH is a proliferation of primitive, uncommitted, pluripotent mammary epithelial cells with little or no tendency to luminal differentiation, whereas ADH and DCIS develop from cells that are committed to luminal differentiation. This is reflected both in the different histopathological patterns and cytological features exhibited by UDH on the one hand and ADH/low-grade DCIS on the other. UDH typically displays architectural features, such as crescentshaped masses, irregular fenestrations, streaming arrangement of cells, uneven distribution of nuclei, maturation and cytological (non-uniform) features, including variability of nuclear shapes with folds, notches, grooves and inclusions and variable chromatin texture; in contrast, ADH/low-grade DCIS forms cribriform spaces with distinct luminal differentiation of the neoplastic cells that are evenly distributed and with nuclei polarized away from the lumina with a cytoplasmic compartment towards the luminal spaces and have uniform nuclear features including smooth contours and nuclear hyperchromasia, not infrequently with finelydispersed chromatin. Moreover, these differences are (in the breast) reflected in the different types of cytokeratins expressed by the lesional cells such that UDH tends to express basal cytokeratins (CK); 5/6 and 14, while lowgrade DCIS are negative on IHC for these intermediate filaments and express ''luminal'' cytokeratins like CK7, 8, 18 and 19, which are conversely negative in UDH [22] [23] [24] .
That there is a difference in perception (in relation to mammary intraductal proliferations) of what constitutes low-grade DCIS can be inferred from a statement on this topic by some investigators [12] . In this paper, the authors state: ''In every case, nuclear pleomorphism was noted, ranging in severity from mild up to severe, then amounting to low-grade ductal carcinoma in situ''. It should be noted that nuclear pleomorphism in mammary intraductal proliferations is a feature that is attributed to either UDH or high-grade DCIS, but not ADH or low-grade DCIS, which are composed of a rather monotonous population of lesional cells. When SPA contains intraductal proliferations that are obviously histologically malignant, the diagnosis is easy (Fig. 7a) . However, when SPA harbours ''low-grade'' intraductal proliferations which display distinct ''luminal differentiation'' akin to what is stated above regarding mammary ADH/low-grade DCIS (Fig. 7b) , strong expression of both CK 7 and CK 5/6 may be encountered (Fig. 7c) . Another distinguishing immunohistochemical feature between ADH/low-grade DCIS, as defined in the breast, in comparison to morphologically similar processes, i.e. cytologically low-grade intraductal proliferations with luminal/glandular differentiation in SPA, is that in contrast to what is seen in the mammary gland, these proliferations (in SPA) may show participation of p63-positive (nonsquamoid) cells within the intraluminal cell-mass (Fig. 7d) . This feature would in the breast point towards a benign, non-neoplastic proliferation. However, this may not necessarily be true for salivary glands (rather the contrary) where well-established malignant entities, e.g., epithelialmyoepithelial carcinoma and adenoid cystic carcinoma, are typified by a dual-cell population of which one is consistently positive for p63. The expression of p63 by some of the cells in an intraductal proliferation in SPA should (of course) be separated from cases where the intraductal proliferation harbours some cells that display glandular/ luminal features and others with a squamoid appearance (Fig. 8) . In addition, in some instances, intraluminal proliferations in SPA may show a pure squamoid phenotype. Occasionally, some ducts in SPA may display a cellular proliferation with ''mucoepidermoid features'', i.e., with squamoid/intermediate cells intermingled with mucocytes (Fig. 8) .
Cytopathology
The cytopathological/fine needle aspiration (FNA) features of SPA have been characterized or commented on in seven case reports [3, 4, 6, 8, 11, 17, 19] and in one series (4 out of 16 patients) [5] . The investigators have reported the presence of ''syncytial epithelial ducts with apocrine changes'', oncocytic cells in a frequently ''cystic-type background'', i.e., foamy histiocytes and proteinaceous material. Sebocyte-like (vacuolated) cells have been described by Gnepp et al. and Kloppenborg et al. [5, 17] . Fulcinetti et al. [4] claim to have identified bona-fide sebocytes (''sebaceous cells'') in their case. However, although they nicely illustrate the presence of vacuolated cells, the authors state that these cells were ''fat-laden'', but no fat-stain was performed and no immunocytochemical evidence of sebaceous differentiation (adipophilin) was provided. These authors conclude that sheets of cells composed of apocrine cells and sebaceous (e.g., vacuolated/sebocyte-like) cells is a finding highly suggestive of SPA. Moreover, as emphasized by Fulcinetti et al., the suspicion of SPA should be even stronger if the above cytopathological findings are seen in conjunction with evidence of an intraductal epithelial proliferation, which in their case focally-displayed ''a moderate degree of cell atypia'', with disturbance of cell polarity, ''anisonucleosis and anisocytosis''. Imamura et al. [8] point out that the presence of lymphoplasmacytic cells in the background in association with apocrine-type cells (which may be mistaken for oncocytic cells) and ductal structures may lead to an erroneous diagnosis of Warthin's tumor.
In the case published by Perrottino et al., the authors briefly state that ''cytology suggested pleomorphic adenoma'', with no verbal descriptions or photomicrographs of the cytopathological findings provided. A more elaborate description is given by Etit et al. [3] who identified sheets and aggregates of epithelial cells with moderate to abundant ''finely granular oncocytic cytoplasm''. These cells had round to oval nuclei with even chromatin and indistinct nucleoli. The authors also report few flat sheets of cells having a ''squamoid'' appearance, some cells that formed glandular structures, markedly vacuolated cells ''reminiscent of sebaceous differentiation'', and cells featuring apical cytoplasmic snouts. Petersson et al. [19] reported epithelial cells in acinar and trabecular arrangements with focal mild nuclear atypia and ample granular to microvacuolated cytoplasm with a small number of lymphoid cells and naked nuclei in the background.
In the series by Gnepp et al. [5] , 4 cases with FNA findings were commented on (cases 1, 2, 6 and 15). These cases had a cytological diagnosis of: ''Oncocytes and myoepithelial cells consistent with Warthin's tumor'', ''pleomorphic adenoma'', ''features suggestive of a neoplasm, ?mucoepidermoid'' and ''epithelial neoplasm suggestive of low-grade carcinoma'', respectively.
Thus, taking all into account, it appears that the FNAdiagnosis of SPA is challenging. This is partly due to the rarity of SPA, but also to the protean variation/range of light microscopic morphologies/appearances that the cells of SPA characteristically display.
Immunohistochemistry
Both ductal and acinar cells are positive for broad spectrum cytokeratins (AE1/AE3 and Cam5.2). Variable Fig. 7 a When intraductal proliferations in sclerosing polycystic adenosis display obvious nuclear pleomorphism and luminal necrosis, the diagnosis of ductal carcinoma in situ is easy. b A ''low-grade'' cribriform intraductal proliferation with distinct luminal differentiation similar to mammary atypical ductal hyperplasia/low-grade ductal carcinoma in situ. c The lesional cells are frequently strongly positive for cytokeratin 5/6, and some cells may also be positive for p63 (d), a feature that differs from ADH/low-grade DCIS in the mammary gland immunoreactivity for EMA, S-100 protein, and antimitochondrial antibody has been reported, whereas CEA, p53 and HER2 have been negative. GCDFP-15 is usually strongly expressed in the acinar component [12, 13] (Fig. 9) . Weak positivity for GCDFP-15 may also be seen in the dysplastic or DCIS components. Consistent but variable expression of ER and PR is present in the acinar and ductal cells. ER and PR may or may not be present in the dysplastic/in situ intraductal proliferations [12, 19] . In one case report, ER was expressed by 10 % of the cells in the high-grade DCIS component [19] .
The proliferative activity (Mib-1/Ki-67) is low (1, 2 %) in the benign (both ductular and adenosis) components, whereas significantly increased proliferation may be encountered in an associated high-grade DCIS [13, 19] .
P63-, smooth muscle actin-(SMA) and calponinpositive myoepithelial cells are present in the periphery of the acini and ducts in SPA. These myoepithelial cells are also present, albeit occasionally somewhat discontinuously, around a DCIS-component. The immunohistochemical identification of their presence is a useful feature in distinguishing a true invasive carcinoma in an adenosiscomponent (with loss of the lobular architecture) or in conjunction with DCIS, since both these processes may be associated with stroma-induced distortion of the architecture, as previously described [5, 12, 19, 25] .
In contrast to other investigators who have reported that the myoepithelial cells surrounding ''ducts filled with hyperplastic and dysplastic epithelium'' (Skalova et al. [12, 13] and Gnepp et al. [5] ) (''ductal and acinar structures, whether or not they contained normal-appearing, mildly or severely atypical cells''), have been positive for SMA, this author has identified a peculiar immunohistochemical finding in a case of SPA where some of the low-grade, cribriform intraductal proliferations were rimmed by a continuous layer of p63-positive myoepithelial cells that were completely negative for SMA (Fig. 9) .
Ultrastructure
The ultrastructural features of SPA have only been investigated in one previous study [13] . Skalova et al. reported that the epithelial cells demonstrated secretory features and desmosomes. Some cells contained numerous electron dense granules which were interpreted as zymogen granules. In addition, fewer, irregular electron lucent granules were seen. Rough endoplasmic reticulum was frequently 
Etiopathogenesis
No conclusive evidence on the etiology and/or pathogenesis of SPA has been presented. The nature of this lesion was initially believed to be reactive/inflammatory [1] . However, using HUMARA methodology, Skalova et al. could establish clonality (non-random inactivation of X-chromosomes) in six out of six successfully analyzed (female) cases, providing evidence that SPA may in reality be a neoplastic process. However, all these cases displayed areas with epithelial atypia (''nuclear pleomorphism, ranging in severity from mild up to severe'') [12] . Hence, it is still an open question whether cases of SPA without atypical epithelial proliferations also are clonal processes. Given the fact that apocrine adenosis in the breast [26] and one adenosis tumor of the anogenital glands [27] (with no dysplastic epithelial components) have been shown to be monoclonal proliferations, a monoclonal nature of SPA without atypical/dysplastic intraductal proliferations, seems to be a plausible (but unproven) assumption.
Differential Diagnosis
The differential diagnostic considerations for SPA have been discussed and commented on by previous authors [1, 5, 13, 25] and include acinic cell carcinoma (ACC), polycystic (dysgenetic) disease, sclerotic sialadenitis, and salivary duct carcinoma, including the low-grade variant and adenocarcinoma, NOS. Given the predominance of cells with acinar differentiation and mild nuclear abnormalities, the differential diagnosis of an ACC on FNAC may be problematic. Similarly, the presence of a ''dirty''/cystic background containing lymphoid cells in conjunction with cells showing oncocyte (-like) features may raise the possibility of a Warthin's tumor. In contrast, the histological features of SPA are highly-characteristic and awareness of these allows for a diagnosis of this lesion based on hematoxylin and eosin stained sections alone. However, an immunohistochemical study focusing on myoepithelial cells may be necessary to reveal the pseudoinfiltrative nature of some areas affected by stromal distortion, as described above.
Clinical Behaviour
Recurrences, sometimes multiple, have been reported quite frequently (19 % as summarized by Gnepp et al.) . The recurrences typically occur after a long time-span (up to 22 years). The true recurrence rate of SPA is difficult to ascertain based on the limited cases with adequate followup as highlighted in Table 1 in the paper by Meer and Altini [9] . The proposed mechanism behind recurrences is either incomplete surgical resection and/or multifocal disease [5] . A rather spectacular (second) recurrence where the tumor measured almost 12 cm was presented by Gnepp et al. [5] . To date, no case of invasive carcinoma in SPA either with or without metastatic disease has been documented in the literature. However, this author knows of one case with invasive carcinoma ex SPA where the carcinoma was infiltrating into the surrounding salivary gland parenchyma (personal communication, Dr. Michal Michal, Czech Republic). Based on this, it seems plausible that a metastasizing case of carcinoma ex SPA will be documented at some point in time.
